The plant alkaloid camptothecin inhibits interferon production induced by Newcastle disease virus (NDV) or ultraviolet-irradiated NDV in chick and human cells, and by Sindbis virus in chick cells. It has no effect on interferon production induced by polyffI), poly(rC) in chick and human cells. No effect of camptothecin could be detected on the multiplication of NDV, and it is concluded that the inhibition reflects a difference between interferon induction by viruses and by polynucleotides.
INTRODUCTION
The production of interferon may be viewed as a cellular response to external stimuli which include both viruses and double-stranded synthetic polynucleotides and it is thought to result from a de-repression of a cellular gene (reviewed by Burke, i973) . However, it is not known whether these different types of inducers cause de-repression through a common de-repressor molecule or by different mechanisms. In many cases, it has been argued that the specificity for interferon induction resides in a double-stranded RNA structure, which is either the polynucleotide inducer or is formed as a result of virus infection (Vil~ek et al. i968; Colby & Chamberlain, 1969; De Clercq & Merigan, t969 ) and many workers have searched for a correlation between the presence of double-stranded RNA and the production of interferon in virus-infected cells (Colby & Duesberg, I969; Huppert, Hillova & Gresland, 1969; Atkins et aL I974) . However, even if there is a common de-repressor molecule such as double-stranded RNA, it remains to be explained how such a molecule could interact specifically with the interferon gene. Genetic experiments with mice have provided evidence that two distinct genetic loci, sensitive to different inducers, are involved in interferon production (De Maeyer et al. ~974) , although the loci involved may not represent those for interferon itself. Bausek & Merigan (I97O) showed that the formation of interferon in response to poly(rI), poly(rC) could be blocked without significantly affecting the induction of virus-induced interferon in the same cells. This indicates that two independent induction processes may be occurring. This present study has used the plant alkaloid camptothecin (Wall et al. 1966) , an inhibitor of RNA and DNA synthesis in cultured mammalian cells (Bosmann, I97O; Wu, Kumar & Warner, I97I; Oravec, Kumar & Wu, I972) to distinguish between viral and non-viral induction of interferon.
Materials. Actinomycin D was a gift from Merck, Sharpe & Dohme Research Laboratories, N.J., U.S.A. Camptothecin (NSC 946o0) in the ~-lactone form, was a gift from the Drug Development Branch of the National Cancer Institute, Bethesda, U.S.A. All experiments reported here were performed with the sodium salt of camptothecin which is more soluble. This was prepared by heating 2o nag of camptothecin with 2 ml H~O plus 57"4/zI of I N-aqueous sodium hydroxide solution at 65 °C for r to 2 h. A subsequent ultraviolet spectrum in 95 % ethanol over the range 35o to 39o nm showed that conversion was essentially complete, and also allowed an accurate estimation of the actual concentration of camptothecin (the sodium salt of camptothecin has a tool. wt. of 388"4 and a molar extinction coefficient of I9OOO at 369 nm). Media and cells. Human diploid fibroblast cultures were prepared by trypsinization of foetal skin and muscle tissue. The cells were grown in Eagle's minimum essential medium (Glasgow modification) supplemented with non-essential amino acids and Io% foetal bovine serum. When confluent the cells were maintained in Eagle's medium containing 2 % calf serum. Cells prepared in this way grew vigorously for 25 to 3o passages before entering senescence. The cells were monitored regularly for contamination with mycoplasmas, and the results presented here were obtained using cells shown to be free of mycoplasmas by two independent methods (Levine, I972; Russell, Newman & Williamson, I975) .
Primary chick embryo cells were prepared by trypsinization of I I-day-old embryos (Morser, Kennedy & Burke, I973)-The cells were grown in medium 199 supplemented with IO % calf serum, and when confluent were maintained in medium ~99 containing 2 % calf serum.
Interferon inducers. Poly(rI) . poly(rC), (s2o.~, > I2), obtained from P.L. Biochemicals Inc., was stored in a physiological saline solution 0 mg/ml) at -2o °C.
Newcastle disease virus (Texas) was propagated in the allantoic fluid of m-day-old fertile eggs. After harvesting, the allantoic fluid was clarified by centrifuging and stored in small samples at -7o °C. Stocks prepared in this manner had infectivity titres of Io 9 to Io 1° p.f.u./ml. Where u.v.-irradiated virus was used as an inducer, the allantoic fluid was dialyzed against PBS for I6 h and then irradiated using a dose of 8o erg/mm2/s for 30 s.
The AR339 strain of Sindbis virus was a gift from Dr G. J. Atkins. The stock used for the experiments described here had an infectivity titre of 2 × IO 8 p.f.u./ml.
Production of interferon.
Confluent cell monolayers in 60 mm Petri dishes were used for interferon production. Human fibroblast cells seeded at I to 2 x io ~ cells/dish were confluent in 3 to 4 days and were then maintained for a further 3 to 4 days prior to induction. Chick embryo cells were seeded at Io 7 cells/dish and used on the following day.
For induction by viruses, the medium was removed and 0"5 ml of virus inoculum was added to each monolayer and allowed to adsorb at 37 °C for r h. The inoculum was removed and 2 ml of maintenance medium added. Dishes were again incubated at 37 °C and the fluids harvested after 24 h. Prior to interferon assay, residual virus was inactivated by heating samples from chick cells at 65 °C for 2 h, or by dialyzing samples from human embryo cells at pH 2 for 5 days.
For induction by poly(rI).poly(rC), the medium was removed and the cell monolayer washed twice with medium without serum. The inducer was added in medium without serum and the cells were incubated at 37 °C for I h. The inducer was removed, the cells were washed twice with maintenance medium, and 2 ml of maintenance medium was added to each dish. The dishes were incubated at 37 °C and the fluids harvested after 24 h.
When metabolic inhibitors had been used, samples were dialyzed for at least 4 days against two changes of buffer (PBS, i.e. o'I5 M-NaC1, 4 mM-phosphate, pH 7.2, or pH 2 buffer) prior to assay.
Interferon assays. A modified version of the inhibition of nucleic acid synthesis (INAS) method described by McWilliam et al. (r97I) was used. This has been described in detail for the assay of chick interferon (Atkins et al. I974) . The assay of human interferon was by a similar method. The interferon titre is the reciprocal of that dilution which reduces incorporation of label into viral RNA by 50 % (INASs0).
The reference research standard A for chick interferon (62/4), containing Ioo research standard units/ml, was found to have a titre of 5oo (2"7 log~o) (INAS~o) by this method. The reference research standard for human interferon (69/I9), containing 5ooo research standard units/ml, was found to have a titre of 5ooo (3"7 loga0) (INASs0).
Virus growth curve. Confluent monolayers of chick cells were infected with NDV at 2o p.f.u./cell. Cells and supernatant fluid were harvested at various times after infection and sonicated briefly in an ultrasonic water bath (Dawe Instruments Ltd, U.S.A.) to release any intracellular virus. Virus growth was monitored by increase in haemagglutination titration or by plaque assay in chick cells.
RNA andprotein synthesis. This was determined by pulse-labelling confluent cell monolayers in scintillation vials with either [3H]-uridine (2 #Ci/monolayer) or [3H]-valine (IO /~Ci/monolayer), washing with trichloroacetic acid and measuring radioactivity as described for the interferon assay.
RESULTS

Inhibition by camptothecin of interferon production in chick cells induced with u.v.-irradiated ND V
NDV inactivated by irradiation with ultraviolet light is a good inducer of interferon in chick cells (Meager & Burke, I972) . The effect of camptothecin on the induction of interferon in this system was studied. After I h incubation of confluent monolayers of chick cells with o'5 ml of u.v.-irradiated NDV, z ml of maintenance medium containing different concentrations of sodium camptothecin was added to the cells. Fluids were harvested after 24 h for assay of interferon production (Table I) . It can be seen that interferon production was very sensitive to camptothecin, To #g/ml giving greater than tenfold reduction in interferon yield and Ioo/zg/ml greater than Ioo-fold reduction. In a number of other experiments, Ioo #g/ml of camptothecin consistently inhibited interferon production in this system by more than a Ioo-fold.
Polynucleotide induction of interferon in chick cells
Chick cells only produce interferon in response to poly(rI).poly(rC) when some other substance such as the polycation diethylaminoethyl (DEAE) -dextran is also added. Confluent monolayers of chick cells were induced with ~oo/zg/ml poly(rI).poly(rC) in the presence of I oo/zg]ml DEAE-dextran and the effect of camptothecin on interferon production was investigated. The results in Table ~ show that production of interferon in chick cells in response to poly(rI).poly(rC) is poor even in the presence of DEAE-dextran but that camptothecin had little or no effect on the interferon yield. The next experiments were therefore done in human fibroblasts which are known to produce good yields of interferon in response to induction by poly(rI).poly(rC). 
Induction of interferon in human fibroblast cultures-the effect of camptothecin
Human fibroblast cultures produced high yields of interferon in response to poly(rI). poly(rC), NDV and u.v.-irradiated NDV. Table z shows that camptothecin inhibited the production of interferon by both viral inducers but not by poly(rI), poly(rC). The failure to inhibit interferon induction by poly(rI).poly(rC) was also demonstrated with concentrations of the inhibitor as high as 5oo #g/ml.
The effect of camptothecin on the growth of ND V
The mechanism by which NDV induces interferon is not known. Since u.v.-irradiated virus, which is a good inducer, retains a significant amount of its RNA-dependent RNA polymerase activity, it is likely that some metabolic activity of the virus is required in the cell to trigger induction. Therefore, it was a possibility that camptothecin inhibited interferon production through an effect on virus replication. Fig. r shows that this is not the case, for one-step growth curves show that the virus grows equally well in the presence of camptothecin as in its absence.
It is known that the kinetics of interferon production vary according to the inducing agent. For example, interferon production in human fibroblasts in response to poly(rI).poly(rC) occurs rapidly, while production in response to NDV is relatively slow (Bausek & Merigan, ~97o) . If there is a lag period between the addition of camptothecin and its action, then this would explain the differential inhibition of NDV-induced interferon. The following experiments were designed to test this point. 
Effect of camptothecin on RNA and protein synthesis in uninfected cells
The mechanism of action of camptothecin is poorly understood, but it has been reported to inhibit chiefly synthesis of ribosomal RNA and also synthesis of some messenger RNA (Abelson & Penman, 1972) . Table 3 shows that the inhibition of incorporation of [SH]-uridine into trichloroacetic acid precipitable material occurs rapidly after addition of the inhibitor. Camptotheein does not limit the transport of labelled uridine into the cells, as measurement of acid soluble pools showed that there was less than 5 % difference between control cells and cells incubated in the presence of Ioo #g[ml of camptothecin. The inhibition of RNA synthesis was not complete, the residual RNA synthesis being approx. I5 % of that shown in control cells pulse-labelled at the same time. This incomplete inhibition of RNA synthesis has been demonstrated before (Kessel & Dysard, I973) .
Inhibition of ribosomal RNA synthesis will ultimately lead to depletion of ribosome pools and it was therefore important to test whether the normal level of protein synthesis was maintained in cells after the addition of camptothecin. Table 3 also shows that incorpora- tion of [3H]-valine into trichloroacetic acid precipitable material was reduced in the presence of camptothecin, but not to a level that would explain the inhibition of interferon production. The reason for this inhibition of protein synthesis is unknown, but has also been observed in L cells and HeLa cells (Bosmann, 197o) . Similar results were obtained in human fibroblasts and in chick cells. This result, along with the absence of inhibition on NDV growth, argues that the differential inhibition of interferon production is a consequence of the inducers used and not of a lag in the action of the drug. In addition, two even stronger pieces of evidence support this.
Pre-treatment of human fibroblasts with camptothecin prior to induction with poly(r I) . poly(rC)
If there is a lag period between addition of the drug and its action, then it should be possible to inhibit the production of interferon in response to poly(rI).poly(rC) by pretreating the cells for a sufficient time with the drug. Confluent monolayers of human fibroblasts were therefore incubated with camptothecin for increasing times prior to induction. The drug was present in the samples from the start of pre-treatment until the interferon was harvested. The results in Table 4 show that normal yields of interferon are produced even when the cells have been incubated with camptothecin for 8 h prior to induction.
Sindbis virus induction of interferon in chick cells
When chick cells are induced with Sindbis virus, interferon is produced very rapidly, the kinetics resembling those of the production of interferon in human fibroblasts in response to poly(rI).poly(rC) (G. J. Atkins, personal communication) . Table 5 shows that campto-thecin also inhibited the production of interferon in response to Sindbis virus. The lower level of inhibition obtained when the inhibitor was added at I h after induction probably reflects the fact that the response to the inducer occurs so rapidly in this system.
DISCUSSION
Our experiments show that there is a difference between the induction of interferon in tissue culture by viruses and by polynucleotides. Virus induced interferon is sensitive to camptothecin while poly(rI).poly(rC) induced interferon is not. A possible explanation that the effect is due to a delay between the addition of camptothecin and its action appears to be incorrect. The strongest evidence against this is the fact that interferon is produced normally in response to poly(rI).poly(rC) in cells pre-treated for up to 8 h with camptothecin. Also Sindbis virus normally induces interferon rapidly, but this process is also inhibited by the drug. Another explanation would be that interferon does not need to be synthesized in response to poly(rI).poly(rC), but that there is a release of pre-formed interferon. This is extremely unlikely as production of interferon in response to poly(rI).poly(rC) in human fibroblast cells can be inhibited by both actinomycin D and cycloheximide (unpublished results).
There are a number of possible mechanisms that would explain the observed effects. First, different cell types may be involved in the response to different inducers. This has been shown for primary mouse embryo cells (Stewart, Gosser & Lockart, I97I) , and preparations of primary chick embryo cells also consist of a fairly heterogenous population of cells. However, the human fibroblast cultures are much more homogenous. In addition, one would need to postulate that only those cells responsive to viral inducers were sensitive to camptothecin.
Secondly, there may be multiple genes for interferon and camptothecin may inhibit the production of certain gene products while not affecting others. De Maeyer et al. 0974) have described the presence in mice of two distinct genetic loci involved in interferon production, each being sensitive to different inducers. However, these are not necessarily structural genes for interferon, but may be involved in some other process essential for induction.
Thirdly, although virus replication is insensitive to camptothecin, it cannot be ruled out that eamptothecin inhibits some virus-directed process which is not essential for the production of progeny virus. Such a process may be responsible for de-repression of the interferon gene.
Fourthly, interferon induction by viruses may involve some other cellular event, not required for induction by polynucleotides, which is sensitive to camptothecin. In this case, it would be expected that the interferon produced would be physically similar. Huang et al. (I974) have shown that human fibroblast interferon induced by P01y(rI).poly(rC) and by NDV differ in the extent of their binding to bovine serum albumin-agarose. This may reflect differences in the primary structure of the proteins making them hydrophobic to different degrees.
Perhaps further studies on the physical properties of interferon produced by leukocytes and fibroblasts induced by both viruses and polynucleotides will clarify the present situation.
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